Seven accessions of Vigna unguiculata were evaluated for variation in phenotypic traits and chlorophyll content of the cowpea leaves. Each accession was planted in a plastic container in triplicates in a Completely Randomised Block Design and evaluated based on nine quantitative traits. The morphological characters such as plant height, number of leaves per plant, leaf area, peduncle length, number of pods per plant, terminal leaf length, terminal leaf width, number of main branches and number of nodes were determined at maturity. The leaf chlorophyll content was determined using spectrophotometer set at a wavelength of 634nm, 648nm and 470nm. Accession UAMO910556 has the highest plant height of 91.58cm, followed by accession IT97K-499-35 with plant height of 50.33cm, while accession NGB0050 has the lowest plant height of 22.43cm. Accession T107K-297-13 has the highest peduncle length, number of main branches, number of nodes on main stem, number of leaves and highest number of pod which are significantly different from other accessions for the trait studied. Accession T107K-297-13 also has the highest content of chlorophylls a and b and highest total chlorophyll content. This shows that accession T107K-297-13 is the most diverse genotype with high quality of trait and so it could be selected for further breeding work.
Introduction
Vigna unguiculata also known as cowpea, has different names such as horse gram in English. 1 It belongs to the family of fabaceae, genus Vigna and species uniguiculata. It is an annual herb, in which savannah zone of West Africa has the largest population of about 85.00% of cowpea. Cowpea is an important legume in the tropics and subtropics including Africa, Asia, Central South America, parts of Southern Europe and United States. 2, 3 The seed proteincontents is between 23 and 32% of seed weight rich in lysine and tryptophan, and a substantial amount of mineral and vitamins. 4 Cowpea fixes 80% of its nitrogen requirement for growth from the atmosphere, 5 thereby reducing nitrogen fertilizer demand and costs of crop production. Many parts of cowpea are used in human and animal feeding. 6 Cowpea seeds have been found to prevent birth defects in the brain and spineduring pregnancy due to the presence of the highest contents of folic acid and B vitamin. 7 It is also known to have a low amount of fat and high level offiber which can prevent heart diseases by reducing the low-density lipoprotein. 8 The genetic advancement of the crop is limited due to the knowledge of the genetic diversity that is inadequate of the existing germplasm. Analysis of the extent of genetic diversity in each population of genotype and genetic similarity between populations of each taxon, is important to relate the genetic diversity to environmental factors, to identify populations with unique genetic constitution and to suggest the best genotype for breeding work. 9 According to Udensi and Edu, 10 the future of plant breeding depends on the utilization and conservation of plant breeding resources for the improvement of mankind's conditions. Ghalmi et al. 11 observed that ex-situ conservation of potentially useful populations requires a clear understanding of the genetic variation and distinctiveness of the populations. This characterization of germplasm of crops is feasible by studying the genetic diversity between and within the collection. According to Trethowan and Mujeeb-Kazi, 12 genetic variability study was necessary for the rapid genetic improvement of crop species. Li et al. 13 opined that the utilization of introduced germplasm in breeding programmes is much more important than the direct release of introduced material for cultivation, which means that the future of plant breeding depends on the proper conservation of plant genetic resources.
Before undertaken crop improvement process in any species, a thorough knowledge of the degree of genetic variability existing in the crop for various characters is significant. The information on the diversity of nature and magnitude in the plant material and the character of various associations is necessary for yield improvement. This characterization of germplasm of crops is feasible by studying the genetic diversity between and within the collection. Genetic diversity is the sum of genetic characteristics within any species or genus 14 while genetic variability is the variation within the genetic characteristics. 15 Thus analysis of genetic relationships in crop species is an important component of crop improvement. 10 Obviously, various researchers have adopted different approaches in order to estimate genetic diversity in a given germplasm, which includes principal component analysis, divergence analysis, coefficient of parentage, utilization of morphological, agronomical as well as biochemical data. [16] [17] [18] [19] In the current study, the morphological traits which are based on the physical attributes of the plant have been used to form the phylogenetic relationships within and between the species and variability study of the compared cowpea character. Morphological traits could be influenced by nurture (environmental factor) and may therefore result in changing relationship patterns. 20 Influence of the environmental factor on the performance of crops can be reduced or controlled by conducting research in the green house. Protected crops are less apt to be damaged by wind, rain, and hail so the percentage of marketable products is higher. Yield is often higher as well, if optimum growing conditions for each crop is provided. Greenhouses protect crops from many diseases, particularly those that are soil borne and splash onto plants in the rain. And greenhouse crops may be protected from common field pests. The main goal of this paper is to assess the genetic variation among seven accessions of V. unguiculata using some quantitative traits, to identify accession with superior characteristics and to determine variation in the chlorophyll content of the leaves of V. unguiculata.
Materials and Methods
The V. unguiculata seeds used for this research were obtained from the National Centre for Genetic Resources and Biotechnology (NACGRAB), Ibadan, Oyo State, Nigeria. The experiment was carried out in the screen house of the Department of Plant Science and Biotechnology, Federal University Oye-Ekiti, Ekiti State, Nigeria. The seven accessions of V. unguiculata seeds used in this study were those available at the time of collection and are shown in Table 1 .
Soil preparation
The soil used for this experiment was collected from the Federal University Oye-Ekiti, Ekiti State. The soil was mixed and sieved to remove any pebble and stone from it. A total number of twenty-one plastic containers perforated underneath were filled with equal amount of soil.
Experimental design
Twenty-one plastic containers were perforated underneath and labelled according to the accessions used. 3kg of soil sample was weighed and put inside the plastic buckets. Two seeds were planted per bucket for each accession and this was done in triplicates. The soil in the plastic buckets was regularly watered to ensure that the soil was moist enough for plant germination.
Morphological analysis
The experiment was carried out in the screen house following Completely Randomised Block Design in August 2018. The following quantitative traits were determined for each cowpea accessionat the tenth week of planting. 
Chlorophyll content
After 10 weeks of planting, fresh leaves were collected. 0.25g of the leaves sample was macerated i.e. crushing in 5mL of 80% acetone using mortar and pestle. The extract was placed in water bath at 70 degrees Celsius for few minutes in other to decolorize. The supernatant was read at absorbance 663nm, 645nm and 652nm using spectrophotometer and expressed in mg g -1 fresh weight basis.
Chla (µg/L) = 0.0127 A663-0.00269 A645 Chlb (µg/L) = 0.0029 A663-0.00468 A645 Total Chl (µg/L) = 0.0202 A663+0.00802 A645, according to Arnon's (1949) equation.
Statistical analysis
The data obtained from the study were analysed using Statistical Package for the Social Sciences (SPSS) (Version 22). The significant difference was calculated at 1% confidence limit using Analysis of Variance (ANOVA), a statistical method for testing differences between two or more means. The means were separated using Duncan Multiple Range Technique (DMRT).
Results
Phenotypic variability of nine quantitative and qualitative traits among the seven accessions of V. unguiculata at maturity is shown in Table 2 and Figure 1 , respectively. The accessions exhibited significant variation with respect to eight quantitative characters. Taking plant height for instance, UAM0910556 recorded the highest length of 91.58cm while NGB0050 recorded the least of 22.43cm. The accessions IT97K-499-35, T107K-297-13, NGSA63, IT07K-318-33 and IT89KD288 were significantly different at P˂0.05.
The result of peduncle length as shown in Table 2 shows that T107K-297-13 has the highest length of 18.29cm which is not significantly different from UAM0910556 of length 17.15cm, while IT97K-499-35 has the lowest length of 4.00cm.
Accession UAM0910556 has the highest terminal leaf length of 10.72cm, followed by T107K-297-13 of 7.24cm while IT89KD288 has the lowest length of 1.93cm, which are significantly different from NGB0050, NGSA63 and IT07K-318- 33 which is significantly different from TI07K-297-13 of width 3.46, while IT89KD-288 has the lowest width of 0.72cm and TI07-499-35, NGSA63, NGB0050 were not significantly different from IT07-318-33 (Table 2) . Based on the result reported in Table 2 , Accession IT07-318-33 has the highest number of main branches of 24.67 which is not significantly different from NGSA63 of 24.33 while TI07-499-35 has the lowest number of main branches of 4.33. Accession NGB0050 of 18.33 was significantly different from UAM0910556 of 17.67, IT89KD-288 of 15.33 and IT07-318-33.
In Table 2 below, the result of the leaf area shows that UAM0910556 has the highest leaf area of 42.74, followed by TI07K-297-13 of 16.64 while IT89D-288 has the lowest leaf area of 2.74 and IT07K-318-33 was significantly different from NGB0050 and NGSA63.
IT07-318-33 has the highest number of main branches of 24.67 which is not significantly different from NGSA63 of 24.33 while TI07-499-35 has the lowest number of main branches of 4.33. Accession NGB0050 of 18.33 was significantly different at P˂0.05 for number of nodes on main stem ( Table 2 ).
The result of number of leaf as shown in Table 2 shows that T107K-297-13 has the highest number of leaf of 57.00 which is significantly different from NGSA63 of 54.66 and TI07-499-35 has the lowest number of leaf of 17.00.
Accession TI07-297-13 has the highest number of pods of 11.00, followed by UAM0910556 of 8.00 which is not significantly different from NGSA63 of 7.67. Accession IT89KD-288 of 3.33 is significantly different from IT07-318-33 and NGB0050 and TI07-499-35 has the lowest number of pod of 1.66 ( Table 2) .
Accession IT07K-297-13 has the highest chlorophyll content of 8.83 while IT89D-288 has the lowest chlorophyll content of 3.93 and IT07K-99-35, NGB0050 and UAM0910556 were not significantly different from each other while NGSA63 of 7.09 is significantly different from TI07K-318-33 of 6.87 (Figures 2 and 3 ).
Discussion
The analysis of variance revealed significant differences for quantitative traits among the seven accessions of V. unguiculata ( Table 2 ). Significant differences observed for some of the characters showed presence of great amount of variability in all the characters studied.
The significant differences observed among the quantitative traits may be due to the differences in the genotypes and as a result of the differences in the genetic potential of different cowpea geno-types. This in agreement with the findings of Smith and Smith 21 and Aryio, 22 who stated the role differences in genetic makeup of different varieties in yield determination of okra. The characters showing high range of variation have more possibility for improvement by using them to develop better varieties of cowpea. All the eight characters under study exhibited variability as shown in Table 2 . Characters such as plant height, peduncle length, number of pods which have wide range of variations in their mean values indicates high range of genetic variability of these characters and thus providing greater scope for selecting desirable genotypes. This is in accordance with the findings of Singh et al. 23 and Reddy et al. 24 who worked on okra.
Also, plant height in this study varied significantly among the cowpea accessions studied ( Table 2 ). UAM0910556 recorded the highest length of 91.58cm, followed by IT97K-499-35, NGSA63, TI07K-297-13, IT07K-318-33, IT89KD288 and NGB0050 recording mean plant height of 50.33cm, 37.05cm, 35.19cm, 29.23cm, 25.73cm and 22.43cm respectively. Final plant height is of particular interest for breeding programme because tall and thin stems increase rate of lodging near harvesting time 25 and this can lead to loss of dry matter and subsequent decrease in fruit yield. 26 This is also in accordance with the findings of several authors [25] [26] [27] [28] who worked on rice and okra respectively. According to Zhang et al., 29 plant height is an important agronomic trait of rice that directly affects the yield of this crop. The dwarf phenotype is beneficial for rice lodging, but if the plants are too short, it will lead to insufficient growth and ultimately affect the yield potential of rice.
The accessions used in this study showed highly significant differences in total chlorophyll content, accession TI07K-297-13 had higher total chlorophyll content than all other accession with 22.20 µg/L. Total chlorophyll content increase for all the accession and this increase can be associated with plant growth stage. Leaf chlorophyll is a key indicator of leaf greenness, and it is often used to investigate leaf nutrient deficiencies and changes in chlorophyll. 30 Canopy chlorophyll content is also an indicator of seasonal carbon uptake in forest ecosystems. 31 Significant correlations between chlorophyll content and leaf nitrogen have been reported in many agricultural crops. 32 Miri 33 reported that chlorophyll content index was significantly and positively correlated with grain yield and a harvest index in Iran.
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Conclusions
The genetic variability study of cowpea using some morphological traits shows accession T107K-297-13 as the most diverse genotype with high quality trait because plant height is an important trait that affects plant yield. Accession T107K-297-13 also had high total chlorophyll content which indicates the photosynthetic capacity of the plant per unit area of leaf and this determines the rate of photosythesis of the plant and consequently high productivity of this plant, This makes this accession T107K-297-13 to be diverse from others in terms of high metabolic rate, glucose production, yield and fruit quality. Our findings may be useful in further studies to investigate the breeding potential of accession T107K-297-13 in terms of fruit quality and yield of cowpea.
